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Editor: M. TroddenDue to an error in our numerical code, the results about the 
evolutions of the scalar ﬁeld , the Hubble rate H and scale fac-
tor a in the deformed model presented in the paper are incorrect. 
The corrected results are depicted in Figs. 1–3 respectively. As re-
sults, one can ﬁnd that when neglecting reheating the universe 
would experience multi cycles of expansions and contractions as 
showed by the damped oscillating behavior of H in Fig. 2. Each 
cycle contains non-singular bounces between expanding and con-
tracting phases, as showed in Fig. 3. Gradually the universe ap-
proaches to a static universe. This is similar to inﬂation. Without 
reheating the inﬂaton ﬁeld will oscillates with damped amplitude 
around the minimum of its potential and the universe enters into 
the static phase in the future if the cosmological constant van-
ishes. However, in a real universe reheating is necessary and it 
will interrupt the oscillations and lead the universe to the radi-
ation dominated epoch. In the model considered in this paper, 
the exit from oscillation to the hot expansion depends on the de-
tails of reheating, but we can still get the general idea about how 
this exit appears. The Friedmann equation can be rewritten as1
H = −d/dt

+
√
(d/dt)2
2
+ ρ
32
, (1)
where ρ is the sum of ρφ = −(d/dt)2/(2ξ2) + V and the 
density of radiation ρr , and we have neglected the contribu-
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1 There are two branches of solutions to the Friedmann equation, besides Eq. (1), 
another one is H = − d/dt

−
√
(d/dt)2
2
+ ρ
32
. But with this branch no bounce will 
be available.http://dx.doi.org/10.1016/j.physletb.2015.06.021
0370-2693/© 2015 The Author. Published by Elsevier B.V.Fig. 1. The evolution of . Parameters are not changed. We used the cosmic time t
instead of the conformal time η.
tion from the direct interaction between φ and radiation. At the 
early time of oscillation, ρr can be neglected, bounces happen 
at the point ρφ = 0. The density ρφ itself also oscillates around 
the zero point with damped amplitude and reheating speeds up 
the damping. Meanwhile ρr increases with time. When it be-
comes signiﬁcant, H in Eq. (1) becomes positive deﬁnitely, the 
oscillation stops and the universe enters into the smooth ex-
panding phase. Reheating ﬁnishes at the moment of  = 1 and 
ρφ = 0, so that Eq. (1) becomes H = √ρr/3. This is the familiar 
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Friedmann equation of the hot expanding universe in general rela-
tivity.
In addition, two typos were found in the old version: The 
stress-energy tensor following the equation (4) should be Tμν =
−P gμν + P X∇μφ∇νφ; The action in the equation (20) is corrected 
as S = ∫ d4x√g¯[ 12 R¯ + 12 g¯μν∂μφ¯∂ν φ¯ − V0 exp(−β
√
1+α
6α φ¯)].
The general conclusions of the paper are unchanged.Fig. 3. The evolution of the scale factor.
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